In the course of screening for hyaluronidase (HAase) inhibitory agents, a new g -pyrone derivative, lepidepyrone, C 8 H 10 O 5 , was isolated from the cultured mycelium of the mushroom Neolentinus lepideus TMC-1102 as a major HAase inhibitory compound (IC 50 3.3 mM). The structure of lepidepyrone was established on the basis of spectroscopic investigation.
The glycosaminoglycan, hyaluronan (hyaluronic acid; HA), which consists of repeating disaccharide units of (b,1-4)-Dglucuronic acid and (b ,1-3)-N-acetyl-D-glucosamine, is a major component of the extracellular matrix of animal tissues. It is present in the skin (dermis and epidermis), brain, and central nervous system in significant quantitities [1] .
Hyaluronidases (HAases) are enzymes that degrade HA. The mammalian HAases are present in many tissues and organs, e.g. liver, kindney, testes, etc. and are considered to be involved in many physiological processes like fertilization, tumor growth, and metastasis. Therefore HAase inhibitors could be useful as drugs, e.g. in the treatment of arthritis or degenerative disease in combination with antibiotics, and/or in antibacterial therapy of HA lyase producing bacteria, such as Streptococcus pneumoniae, a major human Gram-positive pathogen [2] .
In our search for new HAase inhibitors from Japanese basidiomycetes, the extract from the cultured mycelium of Neolentinus lepideus (Japanese mushroom name: Matsuouji) TMC 1102 showed a potent inhibitory activity against HAase. The separation of the above extract led us to isolate a new g-pyrone derivative designated lepidepyrone (1) along with methyl isoferulate (methyl 3-hydroxy-4-methoxycinnamate) [3] and ergosterol. In this paper we have reported the structure determination and the inhibitory activity against HAase of 1.
The molecular formula of 1 ( Fig. 1 ) was confirmed as C 8 H 10 O 5 by high resolution chemical-ionization mass spectrometry (HRCI-MS). The UV absorption maximum at 252 nm of 1 suggested the presence of g -pyrone class of compounds [4] , whereas the IR absorptions maxima at 3400ϳ3200 cm Ϫ1 and 1660 cm Ϫ1 revealed the presence of hydroxyl and conjugated carbonyl functions, respectively. The 1 H-NMR spectrum of 1 showed the presence of two olefinic protons at d 6.41 (br s) and 8.06 (d), which suggested that the g-pyrone ring was substituted with two aliphatic side chains. The substituent residues were hydroxymethyl group [d 4.42 (s)] and 1,2-dihydroxyethyl group [d 3.52 (dd), 3.78 (dd), and 4.77 (ddd)]. The positions of these side chains on the g -pyrone ring were finally determined by the analysis of the HMBC spectrum as shown in Fig. 2 . Therefore the structure of lepidepyrone was confirmed as shown in 1 (Fig. 1 ). The stereochemistry of 1 could not yet be determined.
The inhibitory effects on HAase were determined according to the literature [5] . The MeOH extract of N. lepideus TMC 1102 showed the inhibition of 25.7% at the concentration of 2.0 mg/ml. The inhibitory activity was raised to 75.7% at 2 mg/ml after the above extract was extracyed with BuOH. 1 was the main component isolated from BuOH extract by the repeated purification of LPLC and HPLC. The inhibitory activity of 1 for HAase was determined as IC 50 3.3 mM, whereas IC 50 value of cathechin as a positive compond was determined to 1.7 mM (Table 1) . L-Ascorbic acid (vitamin C; 2) showed weak inhibitory activity (IC 50 6.1 mM) on HAase (HA lyase) from Streptococcus pneumoniae [7] , but 2 did not show any inhibitory activity on bovine testicular HAase up to 100 mM [2] . The inhibitory activities of 6-O-acylascorbic acid (3ϳ5) on mammalian HAase showed stronger in accordance with the length of the side chain [6-decanoate (3): IC 50 1.4 mM, 6-hexaecanoate (4): IC 50 57 m M, 6-octadecanoate (5): IC 50 39 m M]. It is interesting that 1 showed still weak inhibitory activity on mammalian HAace and 6-O-acylascorbic acid (4 and 5) showed the strong inhibitory activity in consideration with the structural similarity between 1 and 2.
Experimental

General
Melting points were determined on a Yanagimoto micromelting point apparatus and are uncorrected. CI-MS were taken with a JEOL JMS-MS600W spectrometer. UV and IR spectra were recorded on a Hitachi U-3210 spectrometer and a JASCO IR-810 spectrometer, respectivily.
1 H-and 13 C-NMR spectra were recorded on a JEOL Lambda-500 ( 1 H, 500 MHz; 13 C, 125 MHz) spectrometer, using tetramethylsilane as an internal standard. CD curves were determined on a JASCO J-600 spectropolarimeter. Column chromatography was performed using Kieselgel 60 (Art. 7734, Merck) and Wakogel C-200 (Art. 237-00071, Wako). Low-pressure liquid chromatography (LPLC) was performed with a Chemco Low-Prep 81-M-2 pump and glass column (200ϫ10 mm) packed with Silica gel CQ-3 (30ϳ50 mm, Wako). HPLC was performed with a Senshu SSC-3160 pump (flow rate, 7 ml/minute) and a YMC-Pack PEGASIL Silica 60-5 (300ϫ10 mm), equipped with a Shimamura YRD-883 RI detector. TLC were detected by UV light on 254 nm and/or by spraying with 5.0% phosphomolybdic acid -ceric acid (trace) in 5.0% H 2 SO 4 and then heating.
Origin of Organisms N. lepideus retained as M-2721 by the Mushroom Research
Institute of Japan, was found on a tree stump (Pinus densiflora) in hardwood forest in Gunma Prefecture, east Japan. The strain TMC-1102, which was isolated as a pure culture from the tissue of N. lepideus M-2721, was used in this experiment.
Fermentation, Extraction and Isolation
N. lepideus TMC 1102 was cultivated on rice (570 g using 4 flasks) at 25°C for four weeks. The cultivated rice was extracted with MeOH and the organic layer was evaporated in vacuo. The residue (42 g) was suspended in water and extracted with BuOH. The organic layer was evaporated in L-Ascorbic acid 6-decanoate (3) 1.4 [7] L-Ascorbic acid 6-hexaecanoate (4) 0.057 [2] L-Ascorbic acid 6-octadecanoate (5) 0.039 [7] Positive Compound (Cathechin) 1.7
Fig. 2 HMBC correlation of lepidepyrone (1).
Fig. 3 Structures of ascorbic acid (2) and its 6-O-acylated derivatives.
vacuo to obtain the BuOH extract (4.8 g). 
Assay of Inhibitory Effects on HAase [5]
HA sodium salt from rooster comb (Wako Pure Chemical Industries Ltd., Osaka, Japan, 0.25 mg/ml), HAase from bovine testes (Wako Pure Chemical Industries Ltd., Osaka, Japan), and compound 48/80 (Sigma Chemical Co. Ltd., St. Luis, U.S.A., 3.0 mg/ml) containing NaCl (17 mM) and CaCl 2 (27 mM) were dissolved in 0.1 M acetate buffer (pH 4.0), respectively. The test samples were dissolved in dimethylsulfoxide for MeOH extract and BuOH extract (2.0 mg/ml) and in acetate buffer for 1 (0.5ϳ10 mM). pDimethylaminobenzaldehyde (Wako Pure Chemical Industries Ltd., Osaka, Japan, 20 mg/ml) was dissolved in conc. HCl -acetic acid (1 : 39). All aqueous solutions were prepared using water filtered through a Milli-Q water system (Millipore, Belford, U.S.A.). All chemicals were of reagent grade.
HAace (460 units/ml, 130 m l), which had been preincubated with the test sample (20 ml) at 37°C for 10 minutes in advance, was incubated with compound 48/80 (100 ml) at 37°C for 10 minutes. After the incubation HA sodium salt (250 m l) was added and the reaction mixture was incubated at 37°C for 40 minutes. Then the reaction was stopped by adding 0.4 M NaOH (100 ml), and then the mixture was allowed to stand for 10 minutes in ice water.
The inhibitory effect was determined by the modified Morgan-Elson method [6] . The reaction mixture was boiled for 3 minutes after adding borate buffer (pH 9.1) (100 ml) and then allowed to stand for 10 minutes in ice water. After centrifuging (10,000 rpm, 3 minutes), the supernatant (140 ml) was incubated with p-dimethylaminobenzaldehyde solution (300 ml) at 37°C for 20 minutes. After 20 minutes, the color reaction was detected by the absorbance at 585 nm with a microplate reader Bio-Rad Model 550.
Test samples were replaced with the buffer solution for the control, while the enzyme solution was replaced with the buffer solution for the blank. Percent inhibition was calculated as follows: Inhibition (%)ϭ[(AϪB)Ϫ (CϪD)]/(AϪB)ϫ100. A, control OD; B, control blank OD;C, sample OD; D, sample blank OD.
The 50% inhibitory concentration (IC 50 ) was calculated using the mean of 3 observation at each of the 5 concentrations.
